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From Design to Operations: A Process Management 




Public-Private Partnerships (PPPs) have become a critical vehicle for delivering infrastructure 
worldwide. Yet, the use of such a procurement strategy has received considerable criticism, as 
they have been prone to experiencing time/cost overruns and during their operation poorly 
managed. A key issue contributing to the poor performance of PPPs is the paucity of an 
effective and comprehensive performance measurement system. There has been a tendency for 
the performance of PPPs to be measured based on their ex-post criteria of time, cost and quality. 
Such criteria do not accommodate the complexities and lifecycle of an asset. In addressing this 
problem, the methodology of sequential triangulation is used to develop and examine the 
effectiveness of a ‘Process Management Life-Cycle Performance Measurement System’. The 
research provides public authorities and private-sector entities embarking on PPPs with a robust 
mechanism to effectively measure, control and manage their projects’ life-cycle performances, 
ensuring the assets are ‘future proofed’. 
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1. Introduction 
Public-Private Partnerships (PPPs) have become a critical vehicle for delivering infrastructure 
worldwide. In Australia, PPPs have been used to deliver both economic (e.g., roads, bridges 
and tunnels) and social infrastructure (e.g., hospital, stadium and school) (Duffield and Clifton, 
2008).  The Victorian State Government have used PPPs to procure 15 public schools, and in 
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Western Australia (WA) to deliver a hospital, stadium and a prison to be functional before 2018 
(Victoria Department of Treasury and Finance, 2015; WA Department of Treasury, 2015). In 
the United Kingdom (UK), there have been a total of 24 infrastructure projects delivered via 
PPPs since 2012, which include public housings, schools, roads, social care centres and 
hospitals (HM Treasury, 2013). PPPs have been and continue to form an integral part of many 
Governments’ strategies for infrastructure procurement. Yet, they have been plagued with 
controversy, particularly in Australia and the UK, as they have been prone to experiencing 
schedule (i.e., pre-construction) and construction cost overruns and not delivering expected 
value during their operations and maintenance phases (Love et al., 2017). 
 
A number of factors have contributed to the poor performance of PPPs (Hodge and Greeve, 
2004). However, the absence of an evaluation mechanism to manage their performance has 
contributed to their inability to deliver satisfactory outcomes to stakeholders and the community 
(Regan et al., 2015). Accordingly, this has led Liu et al. (2015a) to suggest that the lack of an 
effective performance measurement system (PMS) in such projects may act as a trigger to 
produce sub-optimal service quality for an asset. The Australian PPP industry and markets are 
acknowledged as being mature (Hodge, 2004). Despite this maturity, most of the procured PPPs 
have not undergone any form of comprehensive performance evaluation in terms of what has 
been delivered (Hodge and Greve, 2007; Regan et al., 2011). For instance, ineffective and 
incomplete measurement has been identified as a determinant of unsatisfactory performance of 
in several PPPs, such as: (1) Latrobe Regional Hospital and Deer Park Women Prison 
(Australia); (2) Ashfield Prison and Knowsley Park School (UK); and (3) Golden Ears Bridge 
in Canada (House of Commons, 2003; Roth, 2004; Garvin et al., 2011; Harris et al., 2014; 
Whitfield, 2017). 
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There is a widespread consensus that performance measurement is fundamental for business 
success (Bititci et al., 2012). In fact, measuring project performance is a core activity of PPP 
contract management (European Investment Bank – EIB, 2011a). Performance measurement is 
a process of quantifying and reporting the effectiveness and efficiency of the action performed 
towards influencing organisational objectives (Neely et al., 2005; Berg and Marques, 2011). 
Nonetheless, PPP performance measurement has received limited attention in the normative 
literature, especially within the context of social infrastructure assets (Liu et al., 2016). Rather 
than examining the advantages and disadvantages of PPPs, Yong (2010) suggested that there is 
a need for empirical research about how to structure and ensure a higher performance to achieve 
the predetermined policy goals and objectives. Against this contextual backdrop, this paper 
aims to empirically develop a robust PMS that can be used throughout a PPP life cycle so that 
they can be ‘future proofed’. The paper commences with a review of the performance 
measurement and PPP literature and then using the findings obtained for adopting sequential 
triangulation approach develops a ‘Process Management Life Cycle Performance Measurement 
System’. 
 
2. Performance Measurement 
The origins of performance measurement can be traced back to the 13th century; during the 
period when double entry bookkeeping played a dominant role (Johnson, 1972). In the 1950s, 
early globalization contributed to development of performance measurement and productivity 
management with an emphasis being placed on financial-based measures (Keegan et al., 1989). 
This cost-based measurement, which was within the framework of management accounting, 
was widely used across the manufacturing, production and engineering industries during the 
1970s and 1980s (Johnson, 1981).  
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A distinct shift in economic thinking emerged from the 1960s to the 1980s led to a shift away 
from supply to demand led factors such as quality, time, flexibility and customer satisfaction 
(Slack, 1983). This resulted in performance measurement becoming a multi-dimensional 
construct laying the building blocks for Kaplan and Norton’s (1992) Balanced Scorecard and 
Neely et al.’s (2001) Performance Prism. Thereafter, a number of studies have been undertaken 
that have contributed to development of PMS or empirical examination of their impacts on 
public or private-sector organisations (Greatbanks and Tapp, 2007; Pavlov and Bourne, 2011; 
Baker and Bourne, 2014; Nudurupati et al., 2015). As a result of such research, the theoretical 
construct of performance measurement has matured into a robust system that aims to: (1) 
identify an organisations’ success, customer satisfaction, and where problems exist and 
improvements can be made; (2) understanding an organisations’ processes and determine what 
they do and do not know; (3) ensure the effective decision-making; and (4) indicate whether 
the expected outcomes have been met (Gunasekaran and Kobu, 2007; Franco-Santos et al., 
2012). 
  
3. Future Challenges of Performance Measurement Research 
Despite its rise to prominence, performance measurement is being confronted with an array of 
new challenges, which have substantially impacted the effectiveness and efficiency of the PMS 
used by organisations (Pavlov and Bowman, 2015). This view is supported by Melnyk et al. 
(2014), who suggested that the increasingly dynamic business environment has resulted in a 
need for new performance measures and/or metrics. A review of extant performance 
measurement confirms this view with additional challenges resulting from: (1) prediction of 
future performance; (2) complicated and dynamic business environment (e.g., culture or 
networks); (3) open innovation; (4) knowledge work; and (5) sustainability (Bititci et al., 2012; 
Harkness and Bourne, 2015). Limited empirical research, however, has been undertaken to 
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identify how to solve the aforementioned issues within a PMS. 
 
PPPs possess a sophisticated development process and a stakeholder network, which are 
typically bound together by a long-term contractual arrangement and therefore have number of 
drawbacks, such as: (1) the propensity for contracts to be renegotiated; (2) the difficulty in 
writing such complex contracts; the more complete they are the higher the transaction costs; (3) 
incorporating mechanisms for inflation and changes in economic conditions that are beyond the 
control of the parties; and (4) difficulties in monitoring and rewarding service ensure assets are 
delivered effectively and efficiently to meet key stakeholders’ expectations and predetermined 
strategic goals; this result in a dynamic business environment (Yong, 2010).  
 
4. PPPs and Performance Measurement 
A variety of definitions of PPPs can be found in the normative literature. The EIB (2004) defines 
PPPs as “the relationships formed between private sector and public bodies often with the aim 
of introducing private sector resources and/or expertise in order to provide and deliver public 
sector assets and services” (p.2). Similarly, The Public Private Infrastructure Advisory Facility 
(PPIAF) defines a PPP as involving “the private sector in aspects of the provision of 
infrastructure assets or of new or existing infrastructure services that have traditionally been 
provided by government”. In addition, a life-cycle of a PPP can be categorised by three phases, 
(1): Initiation and Planning (e.g., selection and definition, PPP option assessment, organization 
and pre-tendering work); (2) Procurement (e.g., bidding, contract and financial close); and (3) 
Partnership (e.g., design and construction, operation, facility maintenance and handover) (EIB, 
2011a). 
 
PPPs can take a variety of forms such as Design-Build-Operate-Maintain (DBOM), Design-
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Build-Finance-Maintain (DBFM), Design-Build-Finance-Operate-Maintain (DBFOM) (NSW 
Treasury, 2011). They can also be categorised based on their payment mechanism; availability-
and demand-based models. The availability-based PPP is a regime whereby the government 
retains demand risk with the main form of revenue for a Special Purpose Vehicle (SPV) being 
a regular service payment derived from an asset based on a standard of performance that is 
being delivered. Contrastingly, for demand-based PPPs, demand risk is transferred to private 
entities, which operate built assets for the purpose of generating profits. Here revenues of the 
assets are yielded by charging third parties (i.e., end-users) rather than receiving service 
payments from the public sector. The procurement of social infrastructure such as hospitals, 
especially in Australia, have been typically delivered using an availability-based regime under 
the auspices of DBOM/DBFM/DBFOM contracts. 
 
Six common themes emerge from an analysis of the PPP literature (Kwak et al., 2009; Liu et 
al., 2015a): (1) roles/responsibilities of government; (2) concessionaire selection; (3) risk 
identification and allocation; (4) cost/time efficiency; (5) project finance; and (6) critical 
success factors (CSFs). There has, however, been a paucity of research that has attempted to 
identify how to comprehensively measure the performance of PPPs even though it is pivotal for 
ensuring Value for Money (VfM) for public clients throughout their life-cycle (Liu et al., 2014). 
Research on the use of PMS in PPPs has been limited as not many have not yet completed their 
operational phase and thus key performance indicators (KPI) have not been developed. A major 
possible reason for lack of research on PMSs of PPPs, especially social infrastructure projects, 
is that most social PPPs have just been in operations. Thus, PPP performance measurement 
focused on the operation/maintenance phase is just starting to become an issue in practice. 
 
PMS have not been forthcoming as there has been a tendency to only focus on time, cost and 
- 7 - 
 
quality (TCQ) in construction (Raiseback et al., 2010; Love et al., 2015). Nevertheless, with 
increasing demand for assets to add value during operations and maintenance and meet the 
needs to respond to ‘climate change’, their development has become a necessity. Table 1 
presents a summary of key studies that have examined PPP performance measurement. 
 
<Insert Table 1. Key research on PPP performance measurement> 
 
Such studies have attempted to evaluate whether PPPs are capable of benefiting the input (cost) 
or output (time) of infrastructure projects. However, limited attention are being paid to PPP 
performance measurement from a “process” perspective, which is concerning with the project’s 
life-cycle deliverables (e.g., initiation and planning, construction, operation and maintenance) 
(Yuan et al., 2009; Liu et al., 2015a). Nevertheless, a delivery process synergized with public 
and private sectors enables PPPs to be unique and have an extremely dynamic business 
environment (Akintoye et al., 2003; Yong, 2010). According to Love et al. (2015), a 
measurement approach that neglects to consider a “process perspective” will be unable to 
comprehensively capture the inherent complexities of PPPs.  
 
5. Research Approach 
Performance measurement can marry the ontology and epistemology of interpretivism, as 
practitioners’ experience and insights can be considered when developing a new PMS (Neely 
et al., 1997). To develop and test a PMS for PPPs, sequential triangulation (inductive-deductive) 
was adopted (Love et al., 2002), which involved initially undertaking a qualitative study using 
exploratory interviews followed by questionnaire quantitatively analysed applying 
Confirmatory Factor Analysis (CFA). 
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Qualitative Study: Exploratory Interviews 
Research relying on interpretivism can either be quantitative or qualitative (Love et al., 2002). 
Thus, exploratory interviews with key stakeholders of PPPs were initially conducted to 
understand current practice in performance measurement of PPPs. Interviewees’ expert 
judgements were solicited to develop a ‘Process Management Life Cycle PMS’. Meeting this 
objective through the use of interviews requires a sample size of 15 to 35 participants 
purposefully selected, who have specialized knowledge in the topic (Kumar, 1989). 
 
A total of 25 in-depth interviews with senior practitioners who had been involved with the 
delivery of PPPs were undertaken over an eight month period (Table 2). The interviews lasted 
from 60 to 90 minutes and were digitally recorded. Manuscripts were transcribed verbatim and 
then presented to each interviewee to verify their accuracy, correct errors or inaccuracies and 
provide clarification to comments that were made. 
 
<Insert Table 2. Information of samples of interviews> 
 
The interview questions focused on: (1) current PPP performance measurement; (2) the 
shortcomings of performance measurement of PPPs; and (3) direction for amelioration. At the 
beginning of each interview, an interviewee was asked to select a completed or on-going social 
PPP project with which they had been or were currently involved. The textural narratives 
compiled were analysed by using NVivo 10 software package, which combines efficient 
management of non-numerical and unstructured data with powerful processes of indexing and 
theorising. The development and reassessment of themes as the analysis progressed accords 
with calls to avoid confining data to predetermined sets of categories (Silverman, 2006). Kvale 
(1996) suggests that ad hoc methods for generating meaning enable the researchers to access 
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“a variety of common-sense approaches to interview text using an interplay of techniques such 
as noting patterns, seeing plausibility, making comparisons etc. (p.204).” 
 
Quantitative Study: Questionnaire Survey and CFA 
A questionnaire survey was adapted to examine the feasibility of the conceptual PMS derived 
from the interviews. The conceptual framework is integrated with measurement perspectives as 
well as their relevant key performance indicators (KPIs). Using the questionnaire survey the 
following hypotheses were tested: 
 
 F1 – H0: The measurement perspectives are not significant for measuring social PPPs. 
 F1 – H1: The measurement perspectives are significant for measuring social PPPs. 
 F2 – H0: The KPIs are not significant for measuring social PPPs. 
F2 – H1: The KPIs are significant for measuring social PPPs. 
 
The questionnaire comprised of the following sections: (1) Background Information (i.e., 
respondents’ experience, roles during PPP delivery and projects involved); (2) Performance 
Measurement Perspectives; and (3) KPIs used within each phase of a PPP project. As there had 
been a limited number of social infrastructure PPPs procured in Australia, purposive sampling 
was adopted to distribute the questionnaires (Foreman, 1991; Jin, 2010). Moreover, respondents 
from the public and private sectors were required to be knowledgeable of all aspects of a PPP 
lifecycle. As web-based survey tools are efficient for data collation and management (Nulty, 
2008), the questionnaires were distributed to the selected respondents via SurveyMonkey. 
 
Using a 5-point Likert scale respondents were asked to draw upon their experience and 
knowledge to identify the significance of the performance measures and KPIs that had been 
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derived. The data was analysed by using CFA, which is within the scheme of Structural 
Equation Modelling (SEM). It is a multivariate process formulated to examine how well the 
variables being measured represent their construct(s). The process to conduct the analysis was 
adapted from Yuan et al. (2012), which is presented in Figure 1. Notably, insignificant items 
observed were eliminated from the conceptual PMS according to the ‘factor loadings’ (i.e., 
coefficients) of the CFA structural models.  
 
<Figure 1. Data analysis process (adapted from Yuan et al. (2012))> 
 
CFA is a theory-driven technique, relying on a pre-constructed knowledge. It aims to confirm 
theoretical relationships rather than to explore the linkages between the observed items 
(Schreiber et al., 2006). In particular, CFA is suitable for examining the feasibility of a 
conceptual model developed from a qualitative study or an in-depth literature review (Yuan et 
al., 2012). The configuration of CFA is formed according to the theoretical interrelationships 
between observed and unobserved variables. Mathematically, CFA can be represented as: 
 
    iii vy                                                                                                               (Eq.1) 
 
where   is a vector of intercepts;   stands for a matrix of factor loadings; i  represents factor 
values; and i  denotes the vector of residual values. CFA has been widely used in a variety of 
types of research and considered to be a robust tool for the hypothesis testing undertaken for 
factor analytical problems (Yuan et al., 2012). 
 
6. Understanding Current Practice in Performance Measurement of PPPs 
Information derived from the interviews indicated that performance measurement of a PPP 
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project is comprised of two parts: (1) an evaluation for design and construction; and (2) a 
measurement for asset operation. Put simply, as noted by the interviewees, design and 
construction in PPPs are primarily evaluated by using TCQ, which are referred to as the ‘Iron 
Triangle’ in project management. Contrastingly, measurements for operations of a built asset is 
dependent on a series of KPIs, which are determined and agreed between stakeholders. A 
summary of the key findings derived from the interviews is presented in Figure 2. 
 
<Insert Figure 2. Current practice in performance measurement in PPPs> 
 
7. Deficiencies of Current PMS within PPPs 
Existing performance measurement that are applied to social infrastructure PPPs were deemed 
to be myopic as they focus on TCQ. As a result, there is a tendency for long-term needs of 
stakeholders to be overshadowed, particularly in the case of schools or hospitals (KPMG, 2008). 
This was acknowledged by a design manager who stated: 
 
“Delivering a PPP on time and on budget is very important, but there may be a need 
for measures to capture some intangible factors, for example, innovation in design. 
This is actually what the private sector should bring to a public project, but the 
approach we are using cannot reflect it.” 
 
Reflecting on the use of TCQ as a measure, a senior financial advisor proffered that the VfM 
assessment considered by the Public Sector Comparator (PSC) offers a mechanism for ex-ante 
evaluation which intends to provide the business case for PPPs and then enable potential non-
financial benefits to be considered. However, it was made explicit that no mechanism was in 
place to measure whether nor not value and non-financial benefits were being attained. This 
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issue has been repeatedly identified as a failing of PPPs, with an ex-post evaluation simply 
being a review of the final product rather than an assessment of the project’s entire performance 
(EIB, 2011b; Haponava and Al-Jibouri, 2012). A financial advisor interviewed stated that the 
lack of performance measures of non-financial benefits in ex-ante evaluation adversely impacts 
decision making and hinders the realisation of VfM. 
 
There were insufficient measures for systematically evaluating the ‘intangible’ issues that are 
critical to successful design/construction of the projects, for example, innovation, asset 
sustainability and key stakeholder expectation. The public sector not only relies on private-
sector entities to financially invest in infrastructure, but also draws on its expertise to engender 
innovation and develop a sustainable asset that is able to meet and possibly exceed stakeholders’ 
needs.  
 
Attention is drawn to Grimsey and Lewis’s (2004) definition of VfM, which defines that “the 
optimum combination of whole-of-life-cycle costs, risks, completion time and quality in order 
to meet public requirements” (p.1); here emphasis is placed not only on time and quality, but 
ensuring minimal maintenance and sustainability during operations as well as public 
expectations. According to Grimsey and Lewis (2005) and EIB (2011b), too much emphasis is 
placed on the financial benefits that can be acquired from PPP projects; more importance needs 
to be placed on non-financial measures that examine social benefits to the community. Previous 
research supports this view, as PPPs have tended to act as drivers of non-financial benefits (i.e., 
in terms of asset design, choice of construction methods, material selection multi-functionality 
and contextual fit), therefore can significantly contribute to lowering the cost and risks or 
improving the physical outcomes (Himmel and Siemiatycki, 2017; Van den Hurk and Hueskes, 
2017). 
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An effective and efficient PMS can provide a PPP with the drive and direction towards the 
achievement of its strategic goals and the basis for decision-making. Within a PPP, key areas of 
focus (i.e., critical success factors) are defined and used to identify the needs of key 
stakeholders. In fact, KPIs are a mechanism for ensuring the needs of stakeholders have been 
satisfied. The interviewees (n=23) stated that KPIs are only specific to the operation in PPPs, 
though it was acknowledged that they should be distributed to other key areas such as initiation, 
design, construction and facility maintenance (FM). This is because KPIs can indicate the key 
areas needed to be improved, though they were deemed to be ‘static’ and unable to respond to 
changing conditions of the operation of the built asset. 
 
An effective PMS must reflect the context where the relevant organisation operates; yet it would 
appear that this issue has not been adequately considered. Within the State of WA, a significant 
number of PPPs are now in operation. The KPIs being used were devised prior to the 
construction stage of the project. Therefore, the sustainability of such operational KPIs was 
deemed questionable by some interviewees. The interviewees defined the sustainability of KPIs 
in PPPs by their ability to be relevant and accommodate changes to an asset over its life. For 
example, PPP procurement director stated that “some private prisons in Australia are still 
currently under the KPIs that were designed in the 1990s though the capacities of the assets 
have been modified.”  
 
This experienced professional considered the operational KPIs of PPPs to be unsustainable to 
accommodate the change within the local business environment. A number of issues other than 
KPI sustainability emerged during the interviews with the two procurement advisors. For 
instance, limited attention was being given by public sector to measure project’s performance 
during its inception stages (e.g., business case, planning and procurement). This can contribute 
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to substantial delays and budget overruns being experienced. For example, the Victorian 
Comprehensive Cancer Centre in Melbourne, Australia, took more than 25 months to reach 
financial close (Victoria Department of Treasury and Finance, 2012). Further, the process of 
measuring an asset’s impacts on the public (i.e., local communities) had not been considered 
and most likely would not be, as this would require a modification to the contractual conditions 
that were in place. Also, the scope of operational KPIs is limited, being unable to indicate 
whether the long-term success of the project has been achieved. In recognising these, an 
operation manager suggested: 
 
“The KPIs for operations of PPPs are too narrow. The indicators about long-term 
impacts of the procured assets/facility on the public (i.e., local communities/regions) 
are being overlooked, though they are very important. The government will have to 
carefully consider how to design them.” 
 
The views that were derived from the interviews about the practice in PPP performance 
measurement above can be summarised as follows: (1) traditional TCQ is unable to capture 
CSFs and uncertainties that exist in PPPs; (2) the financial-based assessment for VfM cannot 
completely reflect potential non-financial benefits provided by PPPs; (3) operational KPIs are 
not applicable to reflect whether or not all key stakeholders’ expectation have been met within 
a long-term period; (4) no formal mechanism is available for refining the launched KPIs; (5) 
gaps are in systematically measuring the preliminary outputs of PPP projects; and, (6) the social 
impacts of the assets are substantially ignored. 
 
8. Improving Performance Measurement System of PPPs 
While acknowledging performance measurement is an imperative and there is a need for 
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amelioration, interviewees were pessimistic that such an initiative would be implemented. 
Inertia of this nature appeared to stem from political unwillingness, structural rigidity hampered 
by contractual conditions and the absence of technological innovation. In WA, for example, the 
economic environment has changed as a result of the falling price of iron ore, oil and a reduction 
in the Goods and Services Tax. A rapid fall in revenue to the State’s budget has resulted in a 
reduction of infrastructure spending and therefore PPPs have become a valuable proposition for 
new infrastructure investment. A procurement director of the state government suggested “now 
it’s possibly the right time to address performance measurement in PPPs so we can look at 
future proofing our assets”. 
 
Process-based Measurement with Life-Cycle Learning Mechanism and VfM  
Most interview respondents (n=18) proffered that the PMS devised for PPPs need to address a 
life-cycle perspective so as to be able to accommodate inherent uncertainties (e.g., those relating 
to documentation, financing, taxation and technical details) that can materialise from the pre-
construction phases of a project. In stark contrast, the procurement director of state government 
and an experienced financial advisor considered that a life-cycle approach for measuring PPPs 
was cumbersome to implement due to the complexity associated with the stakeholder network 
and a project’s longevity. However, innovative ideas to overcome such hurdles were 
promulgated. A leading procurement consultant suggested that a process-based evaluation is 
ideal for addressing a life-cycle perspective to measuring PPPs. 
 
A process-oriented approach is akin to the use of ‘stage gates’ and focuses on measuring the 
deliverable (i.e., tangible and intangible deliverables or outputs) of each project phase using a 
sequence of KPIs. This approach was reiterated by an architect, suggesting that “PPPs should 
be measured against the whole development processes of the projects rather than the finally-
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procured assets.” The whole process of a PPP is complex and uncertain due to their long-term 
contractual arrangements (up to 25 years). In addressing this issue, a procurement advisor 
interviewed suggested that a robust learning mechanism is required to support a comprehensive 
performance measurement in PPPs. He stated: 
 
“It is necessary for constantly refining the performance measures through an 
implementation of a learning mechanism, because the asset, macro environments and 
technology are subject to changing conditions over the project’s life-cycle. This 
mechanism must be useful and robust for helping the client and SPVs to effectively 
and efficiently absorb the lessons learned from external and internal environments to 
identify what actions should be taken for improving outputs and renewing/updating 
existing KPIs to enhance the effectiveness of the project’s PMS. And, a balanced 
abatement regime considering both public and private sectors’ benefits might be 
requested as well for supporting a life-cycle evaluation of PPPs.” 
 
Interviewees who advocated a life-cycle performance measurement indicated that a realistic 
VfM assessment, which can be integrated with tangible and intangible issues was required to 
underpin this approach. Thus, it may be essential to place a strategic emphasis on the creation 
of VfM with its evaluation for both quantitative and qualitative outputs. Thus, a consideration 
of the contribution of a PPP to the local community will be required. For example, in the case 
of a school, its ability to enhance educational quality, and for a hospital to improve 
local/regional healthcare level. As stated by many interviewees (n=14), VfM is referred to as 
whether or not the built asset can be continuously valued throughout its lifecycle. 
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Stakeholder-Oriented Performance Measures 
A process-based performance measurement during a project’s lifecycle needs to reflect the 
deliverables produced from each project phase. Bearing these considerations, then “what type 
of performance measures should be devised in a life-cycle PMS for PPPs?” It has been 
acknowledged that a complex stakeholder network acts as one of the defining features of PPPs. 
The majority of the interviewees (n=19) stated that a stakeholder orientation was a rational 
strategy for designing performance measures. The stakeholder-oriented measures should not 
only examine satisfaction, but also expectations and commitments. The public, who are 
customarily asset end-users or consumers, is a pivotal component of the stakeholder network. 
Therefore, their needs must be married with the measures of a PMS. Furthermore, a contract 
management adviser reinforced the requirements to enable employees to be satisfied throughout 
the asset’s operational phase, especially the impact that changing technology and functional use 
can have morale and productivity.  
 
A number of interviewees (n=13) also considered that measuring the performance of PPPs is 
challenging as both public- and private-sector organisations needed to be considered. Therefore, 
the fundamental capabilities of the involved organisations should be addressed as the measures 
in the project’s performance measurement (e.g., the private-sector entity’s financial 
infrastructure, skilled workforce, structure of service team and internal learning mechanism). 
They stated that these issues are useful for key stakeholders in a PPP to identify what problems 
are pertaining in the project and what actions will have to be taken for future. 
 
<Insert Figure 3. Recommendations for improving current PPP performance measurement> 
 
In summary, a sequence of recommendations are proposed from the interviewees for 
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ameliorating PPP performance measurement. These include an implementation of a process-
based measurement, which is supported by the stakeholder-oriented measures as well as a life-
cycle learning mechanism and VfM assessment. Figure 3 illustrates how these perspectives are 
able to contribute to addressing the problems that are innate within the current practice of PPP 
performance measurement. 
 
9. Process Management Life-Cycle Framework and Relevant KPIs 
From the interview findings, a process-oriented framework that is integrated with stakeholder-
oriented measures for evaluating performance of PPP project was developed (Figure 4). The 
framework is comprised of a total of five measurement perspectives: (1) stakeholder 
expectation measures; (2) stakeholder commitment measures; (3) project delivery process; (4) 
project strategic goal (i.e., life-cycle VfM); and (5) foundations of the involved organisations 
(i.e., capabilities of public authority and private SPV). Learning and process-based 
measurement mechanisms underpin this framework. The developed framework, denoted in 
Figure 3, is contextualised according to a PPP’s lifecycle and presented in Figure 5. 
 
<Insert Figure 4. Process Management Life-Cycle Framework (adapted from Neely et al. 
(2001))> 
 
<Insert Figure 5. Process Management Life-Cycle PMS for PPPs> 
 
A sequence of KPIs can be derived according to the measurement perspectives of the proposed 
PMS (e.g., key stakeholder expectation, project strategic goal, delivery process and key 
stakeholder expectation) (Appendix 1). Life-cycle VfM in terms of ‘future proofing’ of the built 
asset has been identified as a strategy of PPPs from the exploratory interviews. VfM is 
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conventionally defined as ‘the optimum combination between the project’s whole life cost and 
quality’ (Office of Government Commerce, 2002). Nevertheless, it was implied from the 
interviews that a life-cycle approach to enabling VfM refers to not only the cost and quality of 
a project, but also an asset’s long-term ability to continue to be value into the future (i.e., future 
proofing). Thus, KPIs relevant to the ‘facet’ of ‘Strategic Goal’ in Appendix 1 (KPIF2-1 to KPIF2-
3) are underpinned by this concept. 
 
Furthermore, the key stakeholders of a PPP throughout the project’s life-cycle include public 
client, concessionaire, subcontractor(s), creditors (i.e. banks), shareholders, suppliers and end-
users of the built asset (EIB, 2011a). As a consequence, KPIs relevant to the stakeholder’s 
expectation and commitment encompass public client’s expectation on innovative design and 
construction and sub-contractors’/suppliers’ performance (e.g., KPIF1-1 to KPIF1-12 and KPIF5-1 
to KPIF5-12). Notably, skilled employees, for example, procurement/legal/financial advisors, 
engineers and facility management (FM) professionals were identified as key stakeholders of a 
PPP; thus, KPIs with their expectations/commitments (i.e., KPIF1-2, KPIF1-4, KPIF1-6, KPIF5-3, 
KPIF5-5 and KPIF5-10) were proposed. Bourne et al. (2003) supports this point of view and has 
argued that employees are key stakeholders within the organisation as their performance is 
correlated to the organisational performance. 
 
Additionally, a sequence of process KPIs was derived. The indicators devised to measure the 
effectiveness of delivery process of PPPs need to capture the works to be completed in each 
phase of the projects (Liu et al., 2015a). Essentially, a number of interconnected tasks can be 
identified throughout PPP development process, for example, evaluation for macroeconomic 
conditions, risk analysis/allocation, selection of concessionaire, finance close, asset’s design, 
construction and operations/maintenance. Hence, KPIs under the process perspective of the 
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developed PMS relate to the works listed above. 
 
Interface management (IM) is derived as the KPIs that have been emphasised across all phases 
of the life-cycle of a PPP project (KPIF3-9, KPIF3-13 and KPIF3-24). IM is the management of 
communication, coordination, and responsibility across a common boundary between two 
organizations, phases or physical entities which are interdependent. PPPs are the projects that 
incorporate complex phases and are synergised by public authority and multiple private entities. 
The importance of IM in PPPs has been acknowledged by academia and practitioners (Chan et 
al., 2005). Moreover, the organisational foundations of the public authority and private-sector 
entity involved with PPPs have been considered by interviewees above to be a focus of 
performance measurement of the projects. Therefore, a total of 15 relevant KPIs were identified 
(KPIF4-1 to KPIF4-15), such as skilled workforce, technological innovation, training and learning 
mechanism/system and knowledge management ability. 
 
10. Testing the Process Management Life-Cycle PMS 
To test the feasibility of the developed the Process Management Life Cycle PMS, a CFA with 
the questionnaire-survey data was performed. A pilot survey was undertaken with 28 senior 
professionals within the Australian PPP industry in order to pre-examine the effectiveness of 
the research instrument. The responsive rate of the pre-survey achieved 89% (25 out of 28), 
which comprised of: (a) public sector: procurement consultants (6) and financial advisors (5); 
(b) private sector: architects (3), project managers (5), operation managers (3) and FM 
managers (3). 
 
After the pilot survey, 368 questionnaires were distributed to practitioners from the public and 
private sectors across Australia. A total of 141 responses had been received, 6 of which had to 
- 21 - 
 
be discarded because of incompleteness. As a result, 135 valid datasets were used for 
quantitative analysis and the sample information is indicated by Table 3. While 63 respondents 
(47%) were associated with the public authorities, the remaining 72 (53%) served for the 
private-sector entities within PPP projects. Ideally, CFA, which is under SEM, relies on a larger 
sample size; however, numerous studies have run CFA under a sample smaller than 200 (Chinda 
and Mohamed, 2008; Aibinu et al., 2011; Rajeh, 2014). As identified by Bagozzi and Yi (2012) 
and Molwus (2013), a sample size ranging from 100 to 200 is acceptable for SEM. 
 
<Insert Table 3. Questionnaire survey samples> 
 
The reliability of the research instrument was then tested by using Cronbach’s . A   value 
that is greater than 0.70 indicates a reliable measurement of a construct (Scott, 1981). The 
corrected item-total statistics were used with the   value throughout the reliability tests to 
identify what items would have to be discarded in subsequent modelling. The items being 
observed in a research instrument must be discarded if the values of their corrected item-total 
statistics cannot exceed 0.30 (Nunnally and Bernstein, 1994). 
 
According to α values derived from the entered dataset, a total of 4 items (e.g., KPIF1-1, KPIF3-
2, KPIF3-14 and KPIF5-4) had to be excluded from the Process Management Life-Cycle PMS, 
because their corrected item-total statistics were below the threshold value of 0.30. Again, the 
reliability test had been performed after eliminating aforementioned items. The results show 
that modified instrument has a higher   value of 0.97 and the increased item-total statistics 
ranging from 0.36 to 0.81. The empirical evidences indicate a high degree of internal 
consistency, suggesting that the questionnaire was reliable (Tabachnick and Fidell, 1996). 
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A CFA was run after Cronbach’s α value tests. As mentioned above, CFA possesses the theory-
oriented nature regarding observed and unobserved variables. Thus, based on the developed 
Process Management Life-Cycle PMS (Figures 4 and 5), the measurement perspectives and 
their relevant KPIs addressed as the observed variables, while the deliverables/outputs of each 
project phase of PPPs are viewed as the unobserved variables.  
 
A hypothesised model of CFA (Figure 6) was initially formulated to estimate a covariance 
matrix of the survey population, which is used for comparing with an observed covariance 
matrix. In other words, this model was constructed for a purpose of examining whether or not 
the observe items (for example, measurement perspectives and KPIs) were significant to be 
implemented for measuring PPPs. Noteworthy, the items with comparatively low factor 
loadings (i.e., coefficients) that were under 0.40 were eliminated to modify the initial model 
and develop an optimal one. 
 
The CFA-hypothesised model is capable of capturing the Process Management Life- Cycle 
PMS, in which the process-based KPIs are under five measurement perspectives assumed to be 
causally significant to PPP performance. The path arrows and the coefficients in Figure 5 are 
deemed to be the causal effects in terms of the contributions of the observed items to the 
outputs/deliverables of each phase and entire project life-cycle performance. Based on Figure 
6, the factor loadings of all performance measurement perspectives (e.g., P1: Key Stakeholder 
Expectation; P2: Project Strategic Goal; P3: Project Delivery Process; P4: Organisational 
Foundations; and P5: Key Stakeholder Commitment) that are emphasised by the developed 
PMS (Figures 4 and 5) are 0.78, 0.82, 0.77, 0.75 and 0.76. These coefficients are under 5% 
significance level, indicating that the perspectives proposed are significant to evaluate the 
performance of PPP projects. 
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<Insert Figure 6. Initially-hypothesised model of CFA> 
 
A series of important implications are able to be derived from the empirical evidence relating 
to KPIs. For instance, in the pre-construction phases (Phase 1: Initiation and Planning; Phase 
2: Procurement), the coefficients of most KPIs are larger than 0.50 and are significant at 5% 
significance level. This implies that the majority of the observed KPIs are valuable for 
measuring PPPs. However, such four KPIs as P305 (KPIF3-5), P307 (KPIF3-7), P312 (KPIF3-12) 
and P408 (KPIF4-8), were identified to be statistically insignificant, due to their comparatively 
low factor loadings, that is., 0.40, 0.16, 0.34 and 0.42, respectively. 
 
The procurements of PPPs across Australia are underpinned by the auspices of well-designed 
national guidelines and process to enabling VfM is obtained (Infrastructure Australia, 2008). 
Therefore, the Australian state governments and an array of private entities have acquired 
considerable experience in delivering PPP projects. There exists a high degree of familiarity 
with resolving the issues with financing options, design of an appropriate concession period, 
governance of tendering and financial close. This may explain why the KPIs of PPP’s for the 
finance option (KPIF3-5), concession period (KPIF3-7), financial close efficiency (KPIF3-12) and 
the government’s ability in governing procurement phase (KPIF4-8) were considered to be 
insignificant by the respondents. 
 
The empirical evidence generated by CFA also indicate that the coefficients of most KPIs under 
the Partnership phase (i.e., Phase 3) of PPPs exceed 0.50, except P109 (KPIF1-9), P321 (KPIF3-
21) and P512 (KPIF5-12), which have factor loading values of 0.25, 0.41 and 0.33, respectively. 
When the research was conducted, it was suggested that the effects of building product suppliers 
can be ignored when measuring a PPP’s performance. A possible reason for this situation was 
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due to the stability of the Australian construction materials market. Due to a decline in demand 
from China for minerals such as iron ore, material prices have fallen. The private consortia of 
PPPs have rarely faced challenges of unavailability/shortage of essential raw building materials 
during the delivery of their projects. This view is supported by the data issue by the Australian 
Bureau of Statistics (ABS) (2016), which indicates that the building material market in Australia 
is stable. 
 
In Figure 6, profitability is identified as an insignificant KPI. As addressed above, the delivery 
of social infrastructure PPPs, particularly such projects as hospitals, prisons and schools, is 
normally under the availability-based model. In this instance, private entities rely on service 
payment received regularly from the government (i.e., monthly or quarterly) for maintaining 
the availability of the facilities rather than the profits yielded by the operations of the assets. 
The public and private sectors in social PPPs are concerned with effective and efficient delivery 
of the projects with quality outputs/outcomes, rather than an enhancement of revenues 
generated by the assets (Yong, 2010). Hence, project profitability as a KPI is not as important 
in Australian PPPs as in the projects in some other countries where the demand-based PPP 
regime plays a major role. 
 
<Insert Figure 7. Optimally-revised model of CFA> 
 
An optimally-revised model was constructed after removing a set of insignificant KPIs (e.g., 
KPIF1-9, KPIF3-5, KPIF3-7, KPIF3-12, KPIF3-21, KPIF4-8, and KPIF5-11) (Figure 7). As illustrated it, 
the factor-loading values of all observed items (i.e., five performance measurement perspectives 
and 60 KPIs) in the CFA optimal model are larger than 0.50 and are significantly correlated to 
the project performance of PPPs at 5% significance level. 
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Theoretically, an examination of the fit of CFA model depends on three Goodness-of-Fit 
Indexes (GFIs), including Chi-squared (x2) statistic, Comparative Fit Index (CFI) and Root 
Mean Square Error of Approximation (RMSEA). Goodness-of-Fit Indexes are widely being 
used to indicate how well the structural model fits observations (Sanders et al., 2006). Table 4 
provides the benchmark values of such GFIs. The constructed structural model is deemed to be 
‘fitted’ if its GFIs are within the intervals of the benchmark values. 
 
<Insert Table 4. GFIs benchmark values for examining the CFA model> 
 
The GFIs of the CFA optimal model (Figure 7) are 2.32 (Chi-squared statistic), 0.92 (CFI) and 
0.076 (RMSEA), which indicate a good model fit. Therefore, the proposed measurement 
perspectives are all significant; 60 out of 71 derived KPIs passed the quantitative tests. These 
findings rejected the null hypotheses of the questionnaire survey that were proposed from the 
interviews and confirmed the feasibility of the developed Process Management Life-Cycle PMS 
(Appendix 2 for the refined KPI dataset).  
 
11. Discussion 
A Process Management Life-Cycle PMS of PPPs has been quantitatively tested above through 
the use of CFA. Due to its characteristics, the developed system is capable of enabling PPPs to 
realise long-term success by substantially improving the deliverables of each project phase. The 
learning mechanism and process- and stakeholder-oriented measurement perspectives of the 
Process Management Life-Cycle PMS not only enhances the suitability and applicability of the 
KPIs, but also positively affect the project’s planning, design, construction, operation and 
facility maintenance. These can contribute to improving the sustainability of an asset and 
increase end-user’s satisfaction, enabling PPPs to provide VfM over the long-term period. 
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The empirical results of the strategic goal factor loading values for the KPIs are high throughout 
a projects’ life-cycle (Phases 1 to 3), ranging from 0.75 to 0.77 (Figure 7). Based on this finding, 
it is reliable to argue that the concept of future proofing needs to be addressed in performance 
measurement of PPPs. This complies with the view of Love et al. (2015), who have suggested 
that future proofing is critical for the long-term sustainability of infrastructure procurement. 
 
As noted in Figure 5, additional factor loadings of the three phases of PPP projects were 0.96 
(Initiation and Planning), 0.95 (Procurement) and 0.91 (Partnership). These values indicate that 
the outputs of all major PPP phases are significantly correlated to the successful delivery of 
projects. The coefficients of Phases 1 and 2 are larger than that of Phase 3. The traditional 
approach to project evaluation has identified the partnership phase of a PPP as the most 
significant for contributing to a project’s success (Yong, 2010; EIB, 2011a). The findings from 
this research, however, suggest that the quality of the deliverables of pre-construction works 
(e.g., business case, VfM assessment, bidding and contract negotiation) are just as important. 
Thus, performance measurement of PPPs should be wider in scope and cover all phases of a 
project’s lifecycle, rather than simply focusing on construction and operations. The empirical 
evidence derived from CFA confirms that the perspective developed from the interviews may 
enable improved performance measurement and management through a PPP lifecycle that 
encapsulates stakeholder-focused measures. Moreover, the proposed approach is underpinned 
by a learning mechanism that can enable the client and SPV to enact continuous improvement 
as the project progresses each phase of its life-cycle.  
 
12. Conclusions 
It has been widely acknowledged that there is paucity of effective PMS, which has contributed 
to the poor performance of PPPs. In addressing this issue, a total of 25 exploratory interviews 
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with experienced professionals were undertaken to understand the current practice of 
performance measurement of PPPs. It was revealed that existing PPP performance 
measurement is referred to as the product-oriented evaluation focusing on construction TCQ as 
well as the operational outputs of the asset. In addition, there was a lack of a formal mechanism 
for measuring pre-construction activities such as the business case, tendering/bidding and 
contract negotiation.  
 
From interview findings, a Process Management Life-Cycle PMS was developed and tested by 
using CFA via a questionnaire survey. The analysis of the survey findings indicates that the 
developed framework accurately reflected practitioners’ aspirations for future performance 
measurement for PPPs. The Process Management Life-Cycle PMS accommodates the nuances 
of the dynamic business environment within which infrastructure is procured. It incorporates 
performance measures to support a process and stakeholder-orientation as well as a life-cycle 
learning mechanism.  
 
The research presented in this paper not only contributes to body of knowledge of PPPs, but 
also supports the development of performance measurement for organisations operating in a 
complex network. The Process Management Life-Cycle PMS can provide governments and 
private-sector entities that are embarking on PPPs with a robust tool to enhance the outputs and 
outcomes of their assets’ development, production and operation. Future research, however, is 
required to accommodate a balanced abatement mechanism, which should form an explicit 
function of the proposed PMS so that it can be utilized in practice.  In particular, emphasis will 
need to be placed on developing incentives so that the SPV are able to understand, control and 
minimize availability and performance risks, and therefore enhance VfM for the public sector 
client. With payment mechanisms being effectively calibrated and service delivery monitored 
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and measured using the framework provided by the Process Management Life-Cycle PMS, the 
likelihood of PPP contracts providing long-term value to all stakeholders will be engendered. 
 
Acknowledgement 
The authors would like to sincerely thank the industrial practitioners who participated in this 
research, which is financially supported by the Australian Research Council (Grant Number: 
LP120100347). The authors would also like to thank the two anonymous reviewers who have 
provided constructive comments, which have helped improve the quality of this manuscript. 
 
References 
Aibinu, A.A., Ling, F.Y.Y. and Ofori, G. (2011). “Structural equation modelling of 
organisational justice and cooperative behaviour in the construction project claims 
process: contractors’ perspectives.” Construction Management and Economics, 29(5), 
463-481. 
Akintoye, A., Hardcastle, C., Beck, M., Chinyio, E. and Asenova, D. (2003). “Achieving best 
value in private finance initiative project procurement.” Construction Management and 
Economics, 21(5), 461-470. 
Anastasopoulos, P., Florax, R., Labi, S. and Karlaftis, M. (2010). “Contracting in highway 
maintenance and rehabilitation: are spatial effects important?” Transportation Research 
Part A: Policy and Practice, 44(3), 136-146. 
Australian Bureau of Statistics (ABS) (2014). Producer price indexes, Australia, available at: 
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6427.0 (accessed 06 February 2015) 
Bagozzi, R.P. and Yi, Y. (2012). “Specification, evaluation, and interpretation of structural 
equation models.” Journal of the Academy of Marketing Science, 40(1), 8-34. 
Baker, M. and Bourne, M. (2014). “A governance framework for the Idea-to-Launch process: 
- 29 - 
 
Development and application of a governance framework for new product development.” 
Research Technology Management, 57(1), 42-49. 
Bititci, U., Garengo, P., Dörfler, V. and Nudurupati, S.S. (2012). “Performance measurement: 
Challenges for tomorrow.” International Journal of Management Reviews, 14, 305–327. 
Bourne, M.C.S., Mills, J.F., Wilcox, M., Neely A.D. and Platts, K.W. (2000). “Designing, 
implementing and updating performance measurement systems”. International Journal 
of Production & Operations Management, 20(7), 754-771.  
Chan, W.T., Chen, C., Messner, J.I. and Chua, D.K.H. (2005). “Interface management for 
China’s build-operate-transfer projects.” Journal of Construction Engineering and 
Management, 131(6), 645-655. 
Chinda, T. and Mohamed, S. (2008). “Structural equation model of construction safety culture.” 
Engineering, Construction and Architectural Management, 15(2), 114-131. 
Cronbach, L.J. (1951). “Coefficient alpha and the internal structure of tests.” Psychometrika, 
16(3), 297-334. 
Duffield, C.F. and Clifton, C.J. (2008).“Combining finance and design innovation to develop 
winning proposals.” In Beck, M. and Akintoye, A. (eds), Policy, Finance & Management 
for Public-Private Partnership, Wiley Blackwell, Chichester, UK, 327-345. 
European Commission (2003). “Guidelines for successful Public-Private Partnerships.” 
Brussels, Belgium. 
European Investment Bank (EIB) (2004). “The EIB’s role in Public-Private Partnerships 
(PPPs).” Luxembourg. 
European Investment Bank (EIB) (2011a). “The guide to guidance: how to prepare, procure and 
deliver PPP projects.” European Investment Bank, Luxembourg. 
European Investment Bank (EIB) (2011b). “The non-financial benefits of PPPs: a review of 
concepts and methodology.” European Investment Bank, Luxembourg. 
- 30 - 
 
Fitzgerald, P. (2004). “Review of partnerships Victoria provided infrastructure.” Final Report 
to the Treasurer, Growth Solutions Group, Melbourne, Australia. 
Foreman, E.K. (1991). Survey Sampling Principles, Marcel Dekker, New York, USA. 
Franco-Santos, M., Lucianetti, L. and Bourne, M. (2012). “Contemporary performance 
measurement systems: A review of their consequences and a framework for research.” 
Management Accounting Research, 23(2), 79-119. 
Garvin, M., Molenaar, K., Navarro, D. and Proctor, D. (2011). “Key Performance Indicators in 
Public-Private Partnerships: A State-of-the-Practice Report”, Federal Highway 
Administration, Washington DC, USA. 
Grimsey, D. and Lewis, M.K. (2002). “Evaluating the risks of public private partnerships for 
infrastructure projects.” International Journal of Project Management, 20(2), 107-118. 
Gorsuch, R.L. (2013). Factor Analysis. 2nd ed., Taylor & Francis, Hoboken, New Jersey, USA. 
Greatbanks, R. and Tapp, D. (2007). “The impact of balanced scorecards in a public sector 
environment: empirical evidence from Dunedin City Council, New Zealand.” 
International Journal of Operations and Production Management, 27(8), 846-873. 
Haponava, T. and Al-Jibouri, S. (2012). “Proposed system for measuring project performance 
using process-based key performance indicators.” ASCE Journal of Management in 
Engineering, 28(2), 140-149. 
Harkness, M. and Bourne, M. (2015). “Is complexity a barrier to effective performance 
measurement?” Proceedings of the PMAA conference, Auckland, New Zealand. 
Harris, P., Mundy, W. and Lindwall, P. (2014). “Public infrastructure.” Productivity Commission 
Inquiry Report, Vol. 1, No. 71, Commonwealth of Australia, Australia. 
Haskins, S., Gale, D. and Kelly, L. (2002). “Creating and optimizing new forms of public-
private partnerships in Seattle.” Water Science Technology: Water Supply, 2(4), 211-218. 
Himmel, M. and Siemiatycki, M. (2017). “Infrastructure public–private partnerships as drivers 
- 31 - 
 
of innovation? Lessons from Ontario, Canada.” Environment and Planning C: Politics 
and Space, 0(0), 1-19. 
HM Treasury (2013). PFI project data: March 2013, available at: http://www.gov.uk/governm 
ent/statistics/pfi-projects-data-march-2013 (accessed 25 May 2017) 
Hodge, G.A. (2004) “The risky business of public-private partnerships.” Australian Journal of 
Public Administration, 63(4), 37-49. 
Hodge, G.A. and Greve, C. (2007). “Public-Private Partnerships: An international performance 
review.” Public Administration Review, 67(3), 545-558. 
Johnson, H.T. (1972). “Early cost accounting for internal management control: Lyman Mills in 
the 1850's.” Business History Review, 46(4), 466-474. 
Johnson, H. T. (1978). “Management accounting in an early multidivisional organization: 
General motors in the 1920s.” Business History Review, 52(4), 490-517. 
Johnson, H. T. (1981). “Towards an understanding of nineteenth century cost accounting.” The 
Accounting Review, 56(3), 510-518. 
Kaplan, R.S. and Norton, D.P. (1992). “The balanced scorecard – measures that drive 
performance.” Harvard Business Review, Jan./Feb., 71-79. 
Kumar, K. (1989). “Conducting key informant interviews in developing countries.” A.I.D. 
Program design and evaluation methodology report, No. 13, Center for Development 
Information and Evaluation, A.I.D., USA. 
Kvale, S. (1996). Interviews: An introduction to qualitative research interviewing, Sage 
Publications, Thousand Oaks California, USA. 
Kwak, Y.H., Chih, Y.Y. and Ibbs, C.W. (2009). “Towards a comprehensive understanding of 
public private partnerships for infrastructure development.” California Management 
Review, 51(2), 52-78. 
Liu, J., Love, P.E.D., Davis, P.R., Smith, J. and Regan, M. (2015a), “Conceptual framework for 
- 32 - 
 
the performance measurement of public-private partnerships”, ASCE Journal of 
Infrastructure Systems, 21(1), 04014023.  
Liu, J., Love, P.E.D., Smith, J., Matthews, J. and Sing, C. (2016). “Praxis of performance 
measurement in Public-Private Partnerships: Moving beyond the Iron Triangle”, ASCE 
Journal of Management in Engineering, 10.1061/(ASCE)ME.1943-5479.0000433, 
04016004.   
Liu, J., Love, P.E.D., Smith, J., Regan, M. and Davis, P.R. (2015b). “Life cycle critical success 
factors for public-private partnership infrastructure projects.” ASCE Journal of 
Management in Engineering, 31(5), 04014073. 
Liu, J., Love, P.E.D., Smith, J., Regan, M. and Sutrisna, M. (2014), “Public-private 
partnerships: A review of theory and practice of performance measurement”, 
International Journal of Productivity and Performance Management, 63(4), 499-512. 
Love, P.E.D., Holt, G. and Li, H. (2002). “Triangulation in construction management research.” 
Engineering, Construction and Architectural Management, 9(4), 294-303. 
Love, P. E. D., Huang, J. C., Edwards, D. J., and Irani, Z. (2004). “Nurturing a learning 
organization in construction: A focus on strategic shift, organizational transformation, 
customer orientation and quality centered learning.” Construction Innovation, 4(2), 113-
126. 
Love, P.E.D., Liu, J., Matthews, J., Sing, C.P., Smith, J. and Regan, M. (2015). “Future proofing 
public-private partnerships: Life-cycle performance measurement and building 
information modelling”, Automation in Construction, 56, 26-35. 
Love, P.E.D., Liu, J., Matthews, J., Sing, C.P., Smith, J. and Regan, M. (2015). “Future proofing 
public-private partnerships: Life-cycle performance measurement and building 
information modelling”, Automation in Construction, 56, 26-35. 
Melnyk, S., Bititci, U., Platts, K., Tobias, J. and Andersen, B. (2014). “Is performance 
- 33 - 
 
measurement and management fit for the future?” Management Accounting Research, 
25(2), 173-186. 
Molwus, J., Erdogan, B. and Ogunlana, S. (2013). “Sample size and model fit indices for 
structural equation modelling (SEM): The case of construction management research.” 
In: Wang, Y., Lennerts, K., Shen, G.Q.P., and Bai, Y. (eds), ICCREM 2013: Construction 
and operation in the context of sustainability, ASCE, 338-347. 
National Audit Office (2003). “PFI: construction performance.” Report by the Comptroller and 
Auditor General, HC 371, Session 2002-03, London, UK. 
Neely, A. (2005). “The evolution of performance measurement research - Developments in the 
last decade and a research agenda for the next.” International Journal of Operations & 
Production Management, 25(12), 1264-1277. 
Neely, A., Adams, C. and Crowe, P. (2001). “The performance prism in practice.” Measuring 
Business Excellence, 5(2), 6-12. 
Neely, A., Adams, C. and Kennerley, M. (2002). The performance prism: the scorecard for 
measuring and managing business success, Prentice Hall Financial Times, London, UK. 
Neely, A., Gregory, M. and Platts, K. (2005). “Performance measurement system design: a 
literature review and research agenda.” International Journal of Operations and 
Production Management, 25(12), 1228-1263. 
Neely, A.D., Richards, A.H., Mills, J.F., Platts, K.W. and Bourne, M.C.S. (1997). “Designing 
performance measures: a structured approach.” International Journal of Operations & 
Production Management, 17(11), 1131-1152. 
Nudurupati, S.S., Bhattacharya, A., Lascelles, D. and Caton, N. (2015). “Strategic sourcing with 
multi-stakeholders through value co-creation: An evidence from global health care 
company.” International Journal of Production Economics, 166, 248–257. 
Nulty, D.D. (2008). “The adequacy of response rates to online and paper survey: what can be 
- 34 - 
 
done.” Assessment & Evaluation in Higher Education, 33(3), 301-314. 
Nunnally, J.C. and Bernstein, I.H. (1994). Psychometric Theory, 3rd ed., McGraw-Hill, NY, 
USA. 
Oliver, R.L. (1977). “Effect of expectation and disconfirmation on postexposure product 
evaluations – an alternative interpretation.” Journal of Applied Psychology, 62(4), 480-
486. 
Oliver, R.L. (1980). “A cognitive model of the antecedents and consequences of satisfaction 
decisions.” Journal of Marketing Research, 17(4), 460-469. 
Pavlov, A. and Bourne, M. (2011). “Explaining the effects of performance measurement on 
performance: An organizational routines perspective.” International Journal of 
Operations & Production Management, 31(1), 101-122. 
Pavlov A. and Bowman C. (2015). “The End of Management Control”. In: PMA Performance 
Management Association 2015 Symposium, Bologna. 
Raisbeck, P., Duffield, C. and Xu, M. (2010). “Comparative performance of PPPs and 
traditional procurement in Australia.” Construction Management and Economics, 28(4), 
345-359. 
Rajeh, M. (2014). “Impact of procurement systems on transaction costs: A structural equation 
modelling.” Proceedings of the 4th New Zealand Built Environment Research 
Symposium, 14 November 2014, Auckland, New Zealand. 
Regan, M., Love, P.E.D. and Smith, J. (2015). “Public infrastructure procurement: A review of 
adversarial and non-adversarial contracting methods.” Journal of Public Procurement, 
15(4), 424-457. 
Regan, M., Smith, J. and Love, P.E.D. (2011). “Infrastructure procurement: learning from 
private-public experiences ‘down under’.” Environment and Planning C: Government 
Policy, 29(2), 363-378. 
- 35 - 
 
Roth, L. (2004). “Privatisation of prisons.” Background Paper, No. 3/04, New South Wales 
Parliament, Australia. 
Sachs, T., Elbing, C., Tiong, R.L.K. and Alfen, H. (2005). “Efficient assessment of value for 
money (VFM) for selecting effective public private partnership (PPP) solutions – A 
comparative study of VFM assessment for PPPs in Singapore and Germany.” Nanyang 
Technological University, Singapore. 
Sanders, R.D., Allen, D.N., Forman, D., Tarpey, T., Keshavan, M.S., and Goldstein, G. (2005). 
“Confirmatory factor analysis of the neurological evaluation scale in unmedicated 
schizophrenia.” Psychiatry Research, 133(1), 65–71. 
Schreiber, J.B., Nora, A., Stage, F.K., Barlow, E.A., and King, J. (2006). “Reporting structural 
equation modeling and confirmatory factor analysis results: A review.” The Journal of 
Educational Research, 99(6), 323-338. 
Scott, W.B. (1981). “Participative management at Motorola – The results.” Management 
Review, 70(7), 26-29. 
Silverman, D. (2006). Interpreting qualitative data, 3rd ed., Sage Publications, London, UK. 
Slack, N. (1983). “Flexibility as a manufacturing objective.” International Journal of 
Operations & Production Management, 3(3), 4-13. 
Tabachnick, B. and Fidell, L.S. (1996). Using Multivariate Statistics, 3rd ed., Harper Collins, 
New York, USA. 
Van den Hurk, M. and Hueskes, M. (2017). “Beyond the financial logic: Realizing valuable 
outcomes in public–private partnerships in Flanders and Ontario.” Environment and 
Planning C: Politics and Space, 0(0), 1-25. 
Victoria Department of Treasury and Finance (2012). Project Summary: Partnership Victoria – 
Victorian Comprehensive Cancer Centre, available at: http://www.dtf.vic.gov.au/Publi 
  cations/Infrastructure-Delivery-publications/Partnerships-Victoria/Victorian-Comprehen 
- 36 - 
 
sive-Cancer-Centre-Project-summary (accessed 06 June 2017). 
Victoria Department of Treasury and Finance (2015). New schools Public Private Partnership 
(PPP) project, available at: http://www.education/vic.gov.au/about/Programs/infrastruct 
ure/Pages/newschoolsproject.aspx (accessed 9 Sept 2015). 
WA Department of Treasury (2015), Public Private Partnerships, available at: http://www.treas 
ury.wa.gov.au/Treasury/Public_Private_Partnerships (accessed 09 Sept 2015). 
Yong, H.K. (2010). Public-private partnerships policy and practice, Commonwealth 
Secretariat, London, UK. 
Yuan, J., Wang, C., Skibniewski, M. J., and Li, Q. (2012). “Developing key performance 
indicators for Public-Private Partnership projects: Questionnaire survey and analysis.” 
Journal of Management in Engineering, 28(3), 252-264. 
Yuan, J., Zeng, A.Y., Skibniewski, M.J. and Li, Q. (2009). “Selection of performance objectives 
and key performance indicators in public-private partnership projects to achieve value for 
money.” Construction Management and Economics, 27(3), 253-270. 
